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LETTERS TO THE EDITOR
Prognostic Significance of Coronary
Blood Flow Velocity Patterns in
Patients With Reperfused Acute
Myocardial Infarction and TIMI-2 Flow
Yamamoto et al. (1) in a recent issue of the Journal reported that
the Thrombolysis In Myocardial Infarction trial (TIMI-2) flow
after primary angioplasty for acute myocardial infarction (AMI)
may be related to either thrombus burden in the infarct-related
artery or microvascular injury, and then be associated with systolic
flow reversal (SFR) on coronary blood flow velocity (CBFV)
patterns. The investigators concluded that: 1) two different CBFV
patterns including or not including the presence of SFR exist in
patients with reperfused AMI and TIMI-2 flow; 2) patients with
SFR have increased microvascular damage and consequently worse
functional and clinical outcome; and 3) patients without SFR have
slow forward flow in the epicardial coronary artery associated with
a higher systolic/diastolic velocity, suggesting an increase in arterial
resistance due to presence of thrombus burden.
The presence of SFR on CBFV measured immediately after
prompt reopening of the culprit coronary artery has been associ-
ated with poor functional recovery (2,3) and worse clinical out-
come (4). However, the researchers have not taken into account
the confounding and fundamental role played by infarct size in
compromising both functional and clinical outcome. As opposed
to patients without SFR, it appears that patients with SFR had
much larger infarcts with much more frequent rates of anterior
location. In contrast, patients without SFR had normal systolic
function and therefore limited inferior infarcts. Consequently, and
contrary to previous reports, the patients did not exhibit functional
improvement at follow-up. Because primary angioplasty was per-
formed within a similar range of time elapsed from pain onset in
patients with and without SFR, it is noticeable that the difference
in systolic function and left ventricular remodeling was related to
a difference in area at risk and infarct location between the two
groups of patients. Because the investigators used myocardial
contrast echocardiography for the assessment of tissue reflow, they
could have provided such data. It is therefore highly probable that
the results would have been similar had the investigators compared
either data of TIMI-2 patients: 1) with and without SFR or 2)
with large and limited area at risk, or even 3) with anterior and
inferior AMI.
Moreover, Yamamoto et al. (1) suggest that the higher rate of
systolic/diastolic velocity ratio observed among patients without
SFR could be related to the increase in arterial resistance in
patients with residual thrombus burden after angioplasty. Accord-
ingly, this difference may be related to the much higher proportion
of patients presenting with right coronary artery occlusion in this
subgroup. Indeed, as opposed to those of the left anterior descend-
ing, CBFV recordings show predominant systolic flow in the right
coronary artery. This could have introduced a bias in the interpre-
tation of systolic/diastolic velocity ratio between patients with SFR
(93% anterior infarcts) and without SFR (82% inferior infarcts).
Finally, it appears that patients with and without SFR had
opposite characteristics concerning the size and location of AMI as
well as the infarct-related artery. This has incontestably introduced
a confounding factor in the interpretation of the study results.
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REPLY
We thank Dr. Garot for his interest in our work (1) and his
thorough comments. We previously documented that systolic flow
reversal (SFR) measured immediately after reopening of culprit
coronary artery is the specific finding of TIMI-2 (Thrombolysis In
Myocardial Infarction trial) flow as well as of the no-reflow
phenomenon in patients with anterior myocardial infarction (MI)
(2). Using a microcirculation model, we theoretically explained
that capillary obstruction could be a main cause of SFR. Recently,
a possibility of distal embolization has been addressed as another
cause of TIMI-2 flow in the patients treated with catheter-based
intervention. Microemboli of thrombus and plaque gruels are
believed to be showered downstream of the microcirculation after
catheter-based intervention, causing obstruction of small arteries
and arterioles. Therefore, we hypothesized there should be at least
two mechanisms of TIMI-2 flow in acute MI patients treated with
percutaneous coronary intervention (PCI), and coronary blood
flow velocity (CBFV) patterns would be different depending on the
mechanisms.
Location of MI was different between the patients with and
without SFR among acute MI subjects with TIMI-2 flow after
PCI. Thirteen of 14 patients with SFR had anterior MI, whereas
9 of 11 patients without SFR had inferior MI. As we previously
reported, SFR is associated with large size of MI, and such large
MI is often observed in patients with anterior MI. Our recent
studies demonstrated that size of risk area and anterior MI location
are determinants of the no-reflow phenomenon (3). Because of the
relatively small perfusion territory of right coronary artery, MI size
is usually not so large, and this is the reason why frequency of
no-reflow is much less in patients with inferior MI. Even in
patients with inferior MI, however, TIMI-2 flow is found, but it
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is not necessarily associated with SFR but with reduced flow
velocity.
Recently, several studies reported other determinants of sluggish
coronary flow, which appears just after PCI procedure (4,5). These
factors are related to amount of intracoronary thrombus, intravas-
cular ultrasound plaque morphology, and contents of the throm-
bus. Among them, large vessel size and a great deal of thrombus
are frequent findings in patients with inferior MI. Our report also
showed that the site of MI is not necessarily a determinant of SFR
and MI size (1). In our study, one patient with SFR had inferior
MI with large MI size, and two patients without SFR had anterior
MI with angiographically visible thrombus. Multivariate analysis
also did not determine the type of infarct-related artery as an
independent predictor of TIMI-2 without SFR.
As Dr. Garot pointed out, the CBFV pattern of the right
coronary artery is different from that of the left coronary artery and
is characterized by the relative dominance of systolic flow. Heller
et al. (6) examined CBFV pattern in the right coronary artery in
noninfarct heart. The systolic predominant flow is found in the
proximal right coronary artery, whereas diastolic predominant
CBFV is observed in the posterior descending and artrioventricular
arteries. Therefore, we measured CBFV in the atrioventricular
branch. The systolic average peak velocity/diastolic average peak
velocity (SAPV/DAPV) ratio was compatible between those with
TIMI-3 inferior MI and those with TIMI-3 noninferior MI.
Therefore, a bias of difference in type of coronary arteries could be
minimized by this approach. We also compared CBFV variables
between patients with TIMI-2/SFR() and those with TIMI-3
flow among patients with inferior MI. The SAPV/DAPV ratio
was also higher and diastolic peak velocity was lower in patients
with TIMI-2/SFR() than in those with TIMI-3 flow. In the
clinical setting, we believe TIMI-2 flow is caused by both capillary
damage and microthrombi, and the contribution of these factors
may vary among patients. Analysis of CBFV pattern with Doppler
flow wire is helpful to differentiate which factor is more prominent
in each patient, and this examination should help to shape
therapeutic strategies in the emergency setting.
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